This paper estimates substitution in consumer demand for coffee product categories in Japan using the linear approximate quadratic almost ideal demand system model (LA/QUAIDS). Three expenditure shares and demand equations for coffee beans and powder (beans/powder), canned and bottled coffee (canned/bottled) and coffee drunk at coffee shops (coffee shops) are estimated for two or more person households in forty-nine cities for the period January 2000 through February 2015. The expenditure elasticity estimates indicate that coffee shops are luxury goods while beans/powder and canned/bottled coffee are necessities in the Japanese household. The demographic effects show that persons over the age of 65 and people who earn more consume coffee at coffee shops. Moreover, seasonal effects show demand for canned and bottled coffee as mostly positive while it is mostly negative for coffee drunk at coffee shops in most of the months. The findings of this study indicate that coffee product categories in the Japanese market are substitutes for one another, which is consistent with the reality of coffee consumption in Japan.
Introduction
Coffee is one of the most demanded agricultural commodities in the world, with a worlwide market share of $84.5 billion (Euromonitor, 2014) . The global coffee consumption has been increasing steadily over the past 4 years at an average annual growth rate of 2.4%, with consumption estimated at 149.8 million bags in 2014 (ICO, 2015b) . Japan is among the top coffee-consuming nation globally currently fourth behind the United States, Brazil, and Germany (ICO, 2015a) . Coffee demand in Japan grew substantially in the 1960s and in the 1970s by double-digit rate; however, as the market became matured and saturated yearly growth rate dropped to 4.4% in the 1980s and went on to fall to 2.4 % and 0.6% in 1990s and 2000s respectively (Agra-net, 2015) . In 2014, Japan's coffee consumption was estimated to be 7.49 million kg bags (Statista, 2015) . Japan's per capita coffee consumption has remained steady at 3.5 kg (ICO, 2015a) . Moreover, in terms of coffee retail price, Japan ranks higher than most of the importing nations, with approximately 5 US $/kg from 1990 to 2010; As comparison, within the same period of time, coffee retail price for the United States was around 1.5 US $/kg (ICO, 2011) . coffee such as Ueshima, Art Coffee, and Key Coffee (Smil & Kobayashi, 2012) . Total revenue for coffee shops in Japan was estimated to be worth $2.9 billion in 2013 (Shimbun, 2014) . Recently, demand for convenience store coffee, $1 cup of coffee, has become a popular beverage trend in Japan; Convenience store coffee, which has a price equivalent to canned coffee, has spread all over Japan and has impacted not only sales for canned coffee but for coffee shops as well (Family Income Expenditure Survey, 2015) . From the start of sales in 2012, the total amount of sales at conveniences store coffee has increased by 500 million cups in less than a year (Kunifuji et al., 2014 ).
According to a study conducted by All Japan Coffee Association (2015), Japanese coffee consumption per week has risen steadily over the past decade. In 2002, 6.49 cups were consumed at-home and 4.55 cups were consumed out-of-home. By 2014, at-home consumption increased to 7.04 cups. Conversely, out-of-home consumption, which includes office/schools, coffee shops, restaurants and others decreased to 4.03 cups during the same year.
Over the years, several studies have analyzed the demand for coffee in different countries. To mention some: Goddard and Akiyama (1989) , Okunade (1992) , Yeboah (1992) , Sellen and Goddard (1997) , Houston, Santilla, and Marlowe (2003) and Gebrehiwot and Daloonpate (2012) have all analyzed the income and price elasticities using various demand models for coffee products and varieties. However, only few of these studies have analyzed substitution among various coffee product categories. In addition, these studies used different estimation techniques and data sets.
With regards to coffee demand, there are several dynamics that influence its consumption pattern. To name some: income and expenditure, price, demographic factors, taste, and weather. In Japan, there are numerous factors that contributed to the rise and popularity such as: influence from western consumption habits, increase in marketing strategy as well as research and development on coffee products, the continuous expansion for coffee sales outlets, and the presence of typical Japanese coffee shops (All Japan Coffee Association, 2010).
As a popular demand commodity in the Japanese market, understanding the substitution pattern among coffee product categories is significant for coffee beverage manufacturers. However, according to our knowledge, no preceding study exist that examines quantitatively the substitution relationship between coffee product categories in Japan. In this paper, we investigate the substitution pattern among three coffee brands/products: coffee beans and powder (beans/powder), canned and bottled coffee (canned/bottled), and coffee drunk at coffee shops (coffee shops). Coffee beans and powder (beans/powder) can be explained as ground coffee packaged in a large bag type and bag-type dripper presented with a disposable filter. They are usually consumed at home. Canned and bottled coffee (canned/bottled) is a ready-to-drink roasted coffee beverages packaged in plastic bottles and canned as hot or cold beverages. They are usually consumed from vending machine or at convenience store. As for coffee drunk at coffee shops, these are also roasted coffee served as hot or cold beverages at coffee shops. These coffees may differ from the other coffee products by quality and origin.
We incorporate expenditure and prices for the three coffee product categories in a comprehensive demand system model taking into account the effects of demographic and temperature by evaluating the monthly data by city.
The following hypotheses are verified: Are the three coffee product categories substitutes or complements? Does temperature play a significant role on coffee demand in Japan? How does coffee consumption affect demographic group in Japan? How sensitive is coffee demand to expenditure and price changes?
Since Japan is one of the top coffee consuming nations globally, the findings of this study will be crucial for beverage manufacturing companies. Implications of the coffee market of substitute relations of product categories are discussed. Additionally, it is of a great interest to ascertain whether these coffee product categories chosen are a necessity, luxury, or an inferior good.
The rest of the paper is drawn accordingly. Section 2 discusses data set and model, section 3 presents the results discussion and section 4 presents the conclusion. canned/bottled, and coffee shops were deflated with consideration of changes in prices. SHAZAM (version 10.2) econometrics software was used to conduct the estimation process. A sample of 8915 observations for two or more person households is used in this study. The iterative seemingly unrelated regression (ISUR) was used to estimate the linear system of the three coffee product demand equations. To ensure non-singularity of the error covariance matrix, we deleted the equation for coffee shops. We can retrieve the parameters of the omitted budget share equations by using the property of adding-up. We apply two types of dummy (1/0) variables into the demand system: monthly dummy variables to adjust the monthly variation and city dummy variables to capture the city variation. Several demographic variables from the FIES were incorporated in the study to understand demand patterns of the coffee product categories in the Japanese households. These variables include size (number of persons per household), elders (number of persons per household over the age of 65), earners (number of earners per household), age (age of the head), and rent (household percentage paying rent). Multicolinearity analysis was tested among the variables by calculating the variance inflation factors (VIF); the VIF are 1.031-3.635 (<< 10) indicating no multicollinearity among the variables. The limitation of the study could be that psychometric analysis, which is an important feature for demand analysis, was not used. To estimate temperature effects, monthly data from January 2000 to February 2015 were outsourced from Japan Meteorological Agency (JMA).
The quadratic almost ideal demand system (QUAIDS) model, which was originated from utility maximization by Banks, Blundell, and Lewbel (1997) , not only holds the desirable properties of Deaton and Muellbauer's (1980) almost ideal demand system (AIDS) model but also is more versatile in modeling consumer expenditure patterns. The QUAIDS model gives rise to quadratic logarithmic engel curves that is allowing such circumstances where incremental in expenditure would change a luxury to a necessity, whereas for the AIDS model, it gives rise to engel curves that are linear in logarithm of total expenditure. For the QUAIDS model, the expenditure elasticity is contingent on the level of expenditure while for the AIDS model the elasticities are not dependent of expenditure level (Banks et al., 1997) . The recent applied studies on QUAIDS can be found in Matsuda (2006) . For this study, we employ the linear version of QUAIDS (LA/QUAIDS) model by Matsuda (2006) . We designated this specific model, LA/QUAIDS, because it features the characteristics of 'Closure Under Unit Scaling' (CUUS) even with demand shifters such as demographic variables and monthly and city dummies (Alston, Chalfant, & Piggott, 2001) . With demand shifters, the original QUAIDS of Banks et al. (1997) does not fulfill CUUS. CUUS is a property that ensures that estimated economic effects are constant to the scaling of the data (Pollack & Wales, 1992) . Furthermore, Pollack and Wales (1980) stated that only demand systems consistent with CUUS should be used for empirical demand analysis.
Following Matsuda (2006) , we can derive the LA/QUAIDS model as: (1) Where, w i is the expenditure share of good i, y is total expenditure within the system, p j is the price of good j, α i , β i , γ ij , and λ i are parameters to be estimated. (2) The loglinear analogue of the Laspeyres price index can be shown in Equation 2. P C is invariant to changes in units.
stands for the sample mean.
We employ index P Z as proposed by Matsuda (2006) in Equation 3:
Where, P Z could be seen as a zero degree homogenous analogue of the Tӧrnqvist price index analogue.
We posited the estimated LA/QUAIDS model using expenditures shares and prices for the demand of beans/powder, canned/bottled, and coffee shops with regards to demographic, temperature, and other dummy variables as follow:
Where, t indexes the time in months, z k are demographic variables, D m are monthly dummy variables, h is temperature, M r are city dummy variables. The parameters consequently are expected to meet the following 
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(6)
The ensuing demand system jointly ensures that it fulfills adding up and homogeneity. In addition, symmetry is guaranteed by the additional restriction:
The expenditure, uncompensated, and compensated price elasticities can be defined as follows:
i, j = 1,2,3 (12)
Where, δ ij is the Kronecker delta: for for . Table 1 reports Wald test statistics for coefficients of regressors other than log prices and log expenditure. The linear approximate AIDS (Deaton & Muellbauer, 1980 ) is rejected by the LA/QUAIDS. Homothetic preferences and omission of the other regressors are also rejected. The estimates of expenditure and price coefficients at the mean shares are reported in Table 3 . The price coefficients for beans/powder (-0.010) and coffee shops (-0.062) are statistically significant at the 1% level, whereas canned/bottled is not significant among the coffee group. The total expenditure for all three coffee products: beans/powder (-0.040), canned/bottled (-0.086) and coffee shops (0.126) are significant at the 1% level, indicating a significant influence of prices on the budget shares. Moreover, the quadratic log-linear expenditure for beans/powder (-0.031) and coffee shops (0.032) are significant at the 1% level. The sign of price and expenditure are consistent with the theory and their magnitudes were within expected range. The R 2 indicates the results are satisfactory. Note. The degrees of freedom of the demand system are 17,611. The corresponding critical values of the t-distribution for 1%, 5%, 10% significance levels are 2.576, 1.960, and 1.645 respectively. ***, **, and * mean that the estimate is different from zero at the 1%, 5%, and 10% significance levels, respectively. R means that the estimate is derived from adding-up restriction. Defined as the squared correlation between the observed and predicted shares, R2 is computed for each single equation. t-values are in parentheses. Table 4 shows the estimates of expenditure and uncompensated price elasticities. Our model in this study is a conditional demand system. Expenditure is just for coffee product categories. The expenditure price elasticity for beans/powder (0.902), canned/bottled (0.670), and coffee shops (1.384) are all significant at the 1% level. The positive expenditure elasticities indicate that the coffee product categories under consideration are normal goods. More precisely, the expenditure elasticity for coffee shops are elastic, while expenditure for beans/powder and canned/bottled are expenditure inelastic. This implies that coffee shops are luxuries good while beans/powder and canned/bottled are necessities. For example, the demand for coffee shops increases by 1.384% when expenditure increases by 1%. These results are consistent with two previous studies on coffee demand in Japan. Yohannes and
Results
Journal of Agricultural Science Vol. 8, No. 4; Matsuda (2016 , analyzed weather effect on household demand for coffee and tea in Japan, and Yohannes and Matsuda (2015) , analyzed demand for non-alcoholic beverages in Japan. Both studies using the LA/QUAIDS model found coffee (beans/powder) and coffee beverage (canned/bottled) to be necessity goods. Note. The same as Table 3 .
The uncompensated own-price elasticity show that demand for beans/powder (-0.985), canned/bottled (-0.907), and coffee shops (-1.316) are all significant at the 1% level. All own-price elasticties for the coffee product items show negative signs, which is consistent with consumer demand theory. Negative own-price elasticity indicates that an increase in the price of the coffee product items results in a decrease in demand for the same group. Coffee shops are own-price elastic while beans/powder and canned/bottled are own-price inelastic. Coffee shops's own-price elasticity of -1.316 suggest that when the price of coffee shops increases by 1%, demand for coffee shops will reduce by 1.316%. The high own-price elasticity demand for coffee shops is perhaps due to the quality of coffee products served at coffee shops, such as premium organic coffee, coffee roasted by types or blends, since coffee shops is regarded as luxuries product item in Japan. The own-price elasticity of beans/powder and canned/bottled are close to unity. The result suggests that Japanese consumers are more responsive to coffee shops price than to the price of beans/powder or canned/bottled. Our findings are consistent with previous studies with regards to coffee expenditure of beans/powder and canned/bottled elasticities. In their studies, Goddard and Akiyama (1989) , Okunade (1992) and Yeboah (1992) found demand for coffee to be price inelastic. Dharmasena et al. (2009) , applying the LA/QUAIDS model for non-alcoholic beverages in the United States, also found coffee to be price inelastic (0.462). In addition, Yohannes and Matsuda (2016) found beans/powder (coffee) and canned/bottled (coffee beverage) to be price inelastic at -0.302 and -0.790 respectively.
Regarding uncompensated cross-price elasticities, all coffee product categories are inelastic. This implies that there is a weak response of one coffee product item to changes in the price of other coffee products. This outcome is anticipated since there is less substitutability between coffee product groups; substitutability occurs within coffee product groups. Three pairs are found to be substitutes: beans/powder with canned/bottled (0.032), coffee shops with beans/powder (0.123), and coffee shops with canned/bottled (0.205). These three pairs are gross substitutes since they show positive elasticities. As for complementary goods is concerned, the two pairs: beans/powder with coffee shops (-0.044) and canned/bottled with beans/powder (-0.040) show negative elasticities implying gross complementarity among these beverage items. For the first pair, beans/powder with coffee shops, as the price of coffee shops decrease demand for beans/powder increases. For the second pair, canned/bottled with beans/powder, as the price of beans/powder decreases demand for canned/bottled increases. However, the cross-price elasticities for both pairs are just slight. Table 5 shows the estimates of compensated price elasticities at the mean shares. The compensated price elasticity measures the strength of the substitution effects that affect demand for the coffee product categories under consideration. The absolute values for the compensated price elasticties are normally smaller than the uncompensated price elasticities. All three compensated own-price elasticities are significantly negative, which is theoretical consistent. This means that a change in the price of any coffee product items will result in more than proportionate change in quantity demanded of the coffee product category. Based on the compensated cross-price elasticities, all coffee product categories are substitutes for one another. The result is not surprising, however, it is consistent with the reality of coffee consumption in Japan. Among these beverages group, the top pair of substitutes are beans/powder with coffee shops (0.523). This means that a 1% increase in the price of beans/powder increases demand for coffee shops by 0.523%. Yohannes and Matsuda (2016) also found beans/powder (coffee) and canned/bottled (coffee beverage) as substitutes for one another. Vol. 8, No. 4; beans/powder to be both complementary with both coffee shops and canned/bottled but Table 5 shows they are substitutes for one another. It seems reasonable that substitutes are more dominant. Note. The same as Table 3 .
The estimates of the monthly rate of shift and demographic effects at the mean shares are reported in Table 6 . The monthly rate of shift is the effect of the linear time trend (t) on demand. All three of the coffee product categories show significant effect on quantity demanded. As time goes by, demand for beans/powder and coffee shops decreases while demand for canned/bottled increase. When the household size (z 1 ) increases demand for beans/powder and canned/bottled is positive while demand for coffee shops is negative. When there are more elders in the household (z 2 ), demand for coffee shops increases while demand for beans/powder decreases. We can speculate that people over the age of 65 may prefer drinking their coffee at coffee shops since coffee shops are places for leisure gathering. In Japan, coffee shops are mostly popular in Nagasaki, Kobe, and Yokohama, as all three cities are known to have international trade port. When there are more earners in the household (z 3 ), demand is positive for coffee shops while it is negative for canned/bottled coffee. This is also true as far as Japan is concerned since people who earn more will tend to drink outside of their home such as at coffee shops. When the household head is older (z 4 ), demand for beans/powder is positive while demand for canned/bottled and coffee shops are negative. Note. The same as Table 3 .
The estimates of temperature effects at the mean shares are shown in Table 7 . For beans/powder, temperature shows positive signs from the month of February to July and negative signs from August to November. For canned/bottled, with the exception of January, temperature is positive in every month. In contrast, for coffee shops, with the exception of January, temperature shows negative signs in each month. As far as Japan is concerned, this is perhaps because beans/powder is usually consumed as a hot beverage. The positive temperature effect for canned/bottled is mostly high in July and September. Studies by Yohannes and Matsuda (2016) and Yohannes and Matsuda (2015) , found temperature to have a positive effect on demand for beans/powder (coffee), which is consistent with this study. The negative temperature effects for coffee shops is high in May and August, but is relatively even during the season. This means that, for example, as temperature rises by 1 degree Celsius in the month of May, demand for coffee shops decreases by 1.235%. This is perhaps because coffee is usually served hot www.ccsenet.org/jas Journal of Agricultural Science Vol. 8, No. 4; at coffee shops in Japan. 
